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SYSTEM FOR BLOCKING THE PASSAGE OF EMBOLI THROUGH A BODY VESSEL AND METHOD OF 
USE 

BACKGROUND OF THE INVENTION 

This invention relates to a system for, and a method of, treating occluded 
vessels (e.g. an artery) and capturing friable emboli which may break away from the 
lesion in the vessel during an interventional procedure. The system and method of the 
present invention are especially useful when performing carotid interventional 

5 procedures in order to prevent embolic debris from entering and occluding 
downstream blood vessels leading to the brain which, if blocked, may cause a stroke. 
However, the system and method of this invention can be adapted by a person of 
ordinary skill in the art for use in numerous other vascular interventional procedures. 

In recent years, numerous procedures have been adapted for expanding 

10 blood vessels (e.g. arteries) at the positions of lesions in the blood vessels so that blood 
can flow through the blood vessels without obstruction from the lesions. In the 
process of expanding such blood vessels at the positions of the lesions, emboli may 
become detached from the lesions and enter the bloodstream and subsequently migrate 
through the patient's vasculature to cut off or reduce the amount of oxygenated blood 

15 supplied to sensitive organs such as the brain, which may induce trauma. 

Procedures have also been adapted in recent years for preventing embolic 
debris from flowing through the vessels in the direction of the blood flow. For 
example, filters have been provided for trapping the emboli. When lesions develop in 
the carotid artery of a patient, the placement of a filter in the patient's vasculature can 

20 somewhat reduce the movement of emboli to blood vessels leading to the patient's 
brain, thereby preventing strokes from occurring. 

Such filters are usually delivered in a collapsed position through the 
patient's vasculature and are then expanded once in place in the patient's blood vessel 
to trap the emboli. After emboli have been trapped, the filter is collapsed and removed 

25 (with the trapped emboli) from the vessel. Unfortunately, it is possible for some of the 
trapped emboli to escape from the filter during the time that the filter is being 
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collapsed and/or removed from the blood vessel. When an interventional procedure 
is being performed in a carotid artery, even a trace release of emboli can be damaging. 
For these reasons, attempts to treat lesions in the carotid arteries have been somewhat 
limited due to the danger presented if all of the embolic debris is not collected during 

5 the procedure. 

Therefore, in light of the above, it would be desirable for a system and 
method which can be utilized to treat an occluded vessel and trap any emboli that may 
be formed during the vascular procedure. Such an apparatus and method must also 
prevent the emboli from escaping from the filter during the time that the filter is being 

10 collapsed and/or removed from the blood vessel (e.g. the carotid arteries). Such a 
device or method should be easy and safe to deploy, and be easily removed from the 
vasculature with little or no adverse impact or immunological response to the patient. 

SUMMARY OF THE INVENTION 


The present invention is directed to a system for trapping and removing 
15 emboli from a body vessel (e.g., an artery) which utilizes an expandable filtering 
material (e.g., an open-cell foam material) which expands within a vessel when fluid 
(e.g. blood) flows through the vessel. Retaining pockets formed in the expandable 
filtering material trap emboli which may be released in the fluid flow of the vessel. 
The expandable filtering material is inserted into the vessel at a particular position 
20 distal to the lesion in the direction of the fluid flow. A protective sleeve covers the 
expandable filtering material as the filtering material is being deployed in the vessel. 
An interventional device, such as an expandable member (e.g., a balloon) and a stent, 
is disposed in the vessel to treat the lesion. The protective sleeve is removed from the 
expandable filtering material when the filter is to be deployed, thereby exposing the 
25 filtering material to the fluid within the vessel which causes the filtering material to 
expand within the vessel. The interventional device can then be utilized to treat the 
lesion and expand the vessel at the lesion position. 
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The interventional device is thereafter collapsed and removed from the 
vessel. Emboli created during the interventional procedure are released into the fluid 
flow (e.g. bloodstream) and are trapped within the retaining pockets formed in the 
expandable filtering material. The protective sleeve is then disposed over the 

5 expandable filtering material to contract the material for removal from the vessel. The 
filtering material and the sleeve can be removed from the vessel, with the trapped 
emboli retained in the pockets of the filtering material. 

In another embodiment, an expandable hydrogel is affixed to the end of 
a catheter and used in a similar manner to trap and retain emboli released into the 

10 vessel. The hydrogel material will swell or expand when subjected to a external 
stimulus (e.g., temperature, pH, electrical fields, magnetic fields, solvent, ionic 
strength, pressure, stress, light intensity and chemicals such as glucose) and will 
contract or shrink when the stimulus is removed. The hydrogels may be used in place 
of the expandable filtering material to capture embolic debris released in the vessel. 

15 These and other advantages of the present invention will become more 

apparent from the following detailed description of the invention, when taken in 
conjunction with the accompanying exemplary drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

FIG. 1 is a elevational view, partially in section, of a first preferred 
embodiment of a system for expanding a vessel at a position of a lesion and capturing 
emboli released into the vessel as a result of the performance of an interventional 
procedure. 


25 


FIG. 2 is an enlarged fragmentary elevational view, primarily in section, 
of the preferred embodiment of FIG. 1 showing the expandable filtering material 
expanded within the vessel at a position distal to the lesion. 
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FIG. 3 is an enlarged fragmentary elevational view, primarily in section, 
showing the expandable filtering material in its expanded condition and a self- 
expanding stent and stent delivery catheter disposed at the position of the lesion with 
the stent expanded against the wall of the vessel. 

5 FIG. 4 is an enlarged fragmentary elevational view, primarily in section, 

showing the expandable filtering material in a contracted condition as the protective 
sleeve covers and compresses the filtering material. 

FIG. 5 is an enlarged fragmentary elevational view, partially in section, 
showing the protective sleeve and the filtering material being withdrawn from the 
10 vessel. 

FIG. 6 is an elevational view, primarily in section, of another preferred 
embodiment of the invention showing a porous hydrogel material affixed to the distal 
end of a catheter and retained in a protective sleeve. 

FIG. 7 is an elevational view, primarily in section, of the embodiment of 
15 FIG. 6 showing the porous hydrogel material in an expanded or swollen condition after 
the protective sleeve has been removed and a stimulus has been applied to the hydrogel 
material. 

FIG. 8 is an elevational view, primarily in section, of another preferred 
embodiment of the invention showing a porous hydrogel material affixed to the distal 
20 end of a catheter and retained in a protective sleeve. 

FIG. 9 is an elevational view, primarily in section, of the embodiment of 
FIG. 8 showing the porous hydrogel material in an expanded or swollen condition after 
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the protective sleeve has been removed and a stimulus has been applied to the hydrogel 
material. 

FIG. 10 is an elevational view, primarily in section, of another preferred 
embodiment of the invention showing a porous hydrogel material affixed to the distal 
5 end of a catheter and retained in a protective sleeve; and 

FIG. 1 1 is an elevational view, primarily in section, of the embodiment 
of FIG. 1 0 showing the porous hydrogel material in an expanded or swollen condition 
after the protective sleeve has been removed and a stimulus has been applied to the 
hydrogel material. 

10 DETAILED DESCRIPTION OF THE PREFERRED EMB ODIMENTS 

A first preferred embodiment of a system, generally indicated at 10, is 
shown in FIGS. 1 - 5 of the drawings. The system 10 includes a catheter, generally 
indicated at 1 2, which is constructed to extend through a vessel 1 4, such as a patient' s 
artery, and has an expandable filtering material 1 6 affixed to its distal end. The system 

15 10 is adapted to be disposed in the vessel 14 (e.g., artery) to pass the fluid (e.g., blood) 
in the vessel and to block emboli 1 8 which may be released into the bloodstream. The 
emboli 18 are produced when the blood vessel 14 is treated at the position of a lesion 
20 during an intervention procedure such as, a balloon angioplasty procedure, a 
stenting procedure, an atherectomy procedure and the like. The present invention is 

20 designed to collect and remove such embolic debris from the artery to prevent the 
blockage of the smaller vessels downstream from the area of treatment. The system 
1 0 is especially adapted to prevent blockage of small blood vessels leading to the brain 
which, if blocked, can cause the patient to suffer a stroke. 

An interventional device, such as a stent delivery catheter 22 and a self- 

25 expanding stent 24, can be utilized to treat the lesion 20 and open up the artery 14 to 
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increase blood flow therethrough. This stent delivery catheter 22 and the stent 24 may 
be constructed in a manner well known in the art. The delivery catheter 22 and the 
stent 24 may be disposed at the position of the lesion 20 as shown schematically in 
FIG. 1 . The delivery catheter 22 includes an inner tubular member 26 onto which the 
5 compressed or collapsed stent is mounted. This inner tubular member 26 includes an 
inner lumen 30 which allows the member 26 to be disposed over the catheter 12 in a 
co-axial arrangement. This allows the stent delivery catheter 22 to be delivered to the 
area of treatment using over-the-wire techniques. An outer restraining sheath 32 
extends over the inner tubular member 26 in a co-axial arrangement and is used to 
10 restrain the collapsed stent until it is ready to be deployed. Both the outer retraining 
sheath 32 and inner tubular member 26 have proximal ends (not shown) which extent 
outside of the patient. In use, the physician moves the proximal ends to retract the 
restraining sheath the necessary length to deploy the stent 24. Once the stent is 
positioned across the lesion 20, the restraining sheath 32 can be retracted to expose the 
1 5 stent 24 to allow it to expand against the wall 34 of the vessel 1 4. The opening in the 
vessel 14 is maintained by the stent 24 even after the delivery catheter 22 is withdrawn 
from the vessel. 

The catheter 12 includes an inner member 36 to which the expandable 
filtering material 1 6 is affixed. A retraining or protective sleeve 38 also forms part of 

20 the catheter 12 and is used to maintain the filtering material 16 in its compressed 
position, free from any body fluids which would tend to cause the filtering material to 
expand. This restraining sleeve 38 is also used, as will be described below, to retrieve 
the expanded filtering material after emboli have been trapped in retaining pockets or 
cavities 40 formed on the filtering material 16. The filtering material has properties 

25 of expanding when subjected to fluid, such as blood. For example, the filtering 
material 1 6 may be formed from a flexible, open-cell foam material exhibiting sponge- 
like properties. Suitable materials include foamed material made from suitable 
elastomeric polymer, or a combination thereof, such as latex, silicone, neoprene or 
natural rubber. Additionally, cellulose polyester, or any plastic which can be formed 
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or blown into a sponge-like material could be used. This would include thermoplastics 
as well as thermoset plastics. The filtering material has properties of fully expanding 
within the vessel 1 4 while allowing fluids to flow therethrough. Emboli, however, will 
be trapped in retaining pockets 40 formed in the material. These pockets 40 retain the 
5 emboli even as the filtering material 1 6 has being contracted or collapsed and removed 
from the patient's vasculature. 

When it is desired to expand the vessel 14 at the position of the lesion 
20 in the vessel, the protective sleeve 38 is initially retracted to expose the filtering 
material 16 to the blood flow. This is indicated by a hollow arrow 33 in FIG. 2. The 
10 filtering material 16 expands within the vessel 14 as a result of the flow of the fluid 
(e.g., blood) through the material. This is shown in FIG. 2. The direction of the fluid 
flow in the vessel 14 is indicated by solid black arrows 35 in the drawings. 

The stent delivery catheter 22 can then be used to expand the stent 24 
against the vessel 14 at the position of the lesion 20. This is shown in FIG. 3. This 
1 5 causes the vessel 1 4 to expand at the position of the lesion 20 so as to open the vessel. 
This is shown schematically in FIG. 3. Fluid and any emboli 1 8 from the lesion 20 
then flow through the vessel 14 into the filtering material 1 6. Fluid is allowed to pass 
through the filtering material 16 while emboli 1 8 are trapped in the retaining pockets 
40. This also is indicated schematically in FIG. 3. 
20 When all of the emboli have been trapped in the pockets 40, the delivery 

catheter 22 is removed from the vessel 1 4. This is indicated by a hollow arrow 37 in 
FIG. 3. The stent 24 remains in the expanded vessel 14 at the position of the lesion 
20. 

As shown in FIG. 4, the protective sleeve 38 is then disposed over the 
25 filtering material 16 to contract or collapse the material. During the contraction or 
collapse of the filtering material, the trapped emboli 1 8 are retained in the pockets 40, 
particularly since the pockets 40 also are being contracted or collapsed in accordance 
with the contraction or collapsing of the filtering material. The sleeve 3 8 and filtering 
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material 1 6 are then removed from the vessel 14 as indicated by a hollow arrow 41 in 
FIG. 5. 

The system 10 may be used in conjunction with current compatible 
devices. For example, the system 10 may be used in conjunction with balloon 
5 dilatation catheters, stent delivery systems, ultrasonic and laser angioplasty devices and 
atherectomy catheters and other medical devices. The system 10 will preferably be 
used during vascular intervention, in particular, carotid artery angioplasty and stenting 
(i.e. pre-dilation, stenting, post-dilation), however, it can also be used in any 
procedures in which the potential release of emboli debris poses a problem. 
10 FIGS.6through 1 1 show other preferred embodiments of the invention. 

In these preferred embodiments, a porous hydrogel material generally indicated at 50 
may be used in place of the filtering material 1 6 to pass fluid through the vessel 1 4 and 
block the passage of emboli 1 8. The porous hydrogels 50 have properties of changing 
their volume rather abruptly from a time standpoint upon small changes in such 
15 parameters or stimuli as temperature, pH, electrical fields, magnetic fields, solvent, 
ionic strength, pressure, stress, light intensity and chemicals such as glucose. 

For example, porous hydrogels have been made to expand (or swell) and 
compress (or shrink) within tens of seconds by subjecting the porous hydrogel to 
changes in the different parameters specified above. When swelled or expanded, the 
20 hydrogels have an open-celled microporous structure. The size of the pores or 
openings or cavities 52 in the hydrogel can range from approximately one (1) micron 
to approximately hundreds of microns. Satisfactory hydrogels for use in this 
application have been disclosed in the published literature. This published literature 

includes the following: 
25 (1) An article entitled "SUPERPOROUS HYDROGELS: FAST RESPONSE 

HYDROGEL SYSTEMS" and written by Jun Chen, Haesan Park and Kinam Park and 

published on pages 236 and 237 of Volume 79 in 1998 in The American Chemical 

Society PMSE Abstracts; 
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(2) An article written by Ron Dagani and entitled "INTELLIGENT GELS" 
and published in 1 997 on pages 26 - 37 of Volume 75 of Chemical Engineering News; 
and 

(3) An article written by Peppasetal. and published in 1991 on page 715 (and 
5 following pages) in Volume 46 of Cem. Eng. Sci. 

Examples of "smart" (responsive to changes) hydrogels include: 

(1) pH sensitive hydrogels such as poly (acrylamide co-acrylic acid); 

poly (NIPAM-co-AM), Such pH sensitive hydrogels are disclosed in references 1 and 

3 specified in the previous paragraph; 
10 (2) Temperature responsive hydrogels such as poly (acrylic acid) - g - 

PEO - PPO - PEO. Such temperature responsive hydrogels are disclosed in 

reference 2. 

The porous hydrogels 50 can be applied in their contracted or shrunken 
state as low profile coatings on the distal tip of catheters 54. This is indicated 

15 schematically in FIGS. 6, 8 and 10. Alternatively, the porous hydrogels 50 can be 
applied in their shrunken state on the distal tips of guidwires/hypotubes in an embolic 
protection device. The porous hydrogel 50 may be covered in its shrunken state by a 
protective sleeve 56. The catheter 54 or, alternatively, the guidewire is then inserted 
into the vessel 14 and is passed through the vessel to a position past the lesion in the 

20 direction of the fluid flow. The sleeve 56 may be removed as indicated by a hollow 
arrow 57. The porous hydrogel 50 is then expanded or swelled within the vessel by 
providing the hydrogel with a change in the appropriate parameter or stimuli specified 
above. This expansion or swelling can be provided to any desired value such as 
approximately five (5) to approximately one hundred (100) times the shrunken value. 

25 When the porous hydrogel 50 is swelled or expanded, it presses against 

the wall of the vessel. It also causes the pores or pockets or cavities 52 to expand 
throughout the expanded or swollen structure of the hydrogel 50. In this way, when 
the interventional device is used to treat the lesion, any emboli separated from the 
lesion become entrapped in the expanded pores, pockets or cavities 52 and are thereby 
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prevented from passing through the hydrogel. However, the fluid (e.g. blood) in the 
vessel is able to pass through the porous hydrogel 50. 

After the interventional procedure is completed, the interventional device 
is withdrawn from the vessel. The porous hydrogel 50 is then contracted or shrunk 
5 from their expanded positions shown in FIGS. 7, 9 and 11 to the positions 
respectively shown in FIGS. 6, 8 and 10. This is accomplished by withdrawing the 
parameters or stimuli previously providing the expansion or swelling of the porous 
hydrogel. 

The pores or cavities 52 shrink as the porous hydrogel 50 shrinks. This 
10 causes the retention of the emboli within the pores or cavities 50 to become enhanced, 
thereby allowing the hydrogel to block the passage of the emboli past the hydrogel and 
remain entrapped in the pores 52. When the porous hydrogel 50 becomes contracted 
or shrunken, the porous hydrogel is withdrawn from the body vessel. 

FIGS. 6 and 7 shown a preferred embodiment for producing changes in 
1 5 parameters or stimuli in the porous hydrogel element 50, the contracted or shrunken 
hydrogel element being shown in FIG. 6 and the expanded or swollen hydrogel 
element being shown in FIG. 7. In the preferred embodiment shown in FIGS. 6 and 
7, a hollow tube 58 is provided for introducing changes in a parameter or stimulus to 
the porous hydrogel element 50. For example, this change in the parameter or stimulus 
20 may relate to changes in pH, solvent, ionic strength, pressure or chemicals such as 
glucose. 

FIGS. 8 and 9 show another preferred embodiment for producing 
changes in parameters or stimuli in the porous hydrogel element 50, the contracted or 
shrunken hydrogel element being shown in FIG. 8 and the expanded or swollen 
25 hydrogel element being shown in FIG. 9. In this preferred embodiment, an electrical 
wire 60 may be provided for introducing the changes in the parameter or stimulus to 
the porous hydrogel element 50. As shown in FIGS. 8 and 9, the wire 60 may be 
wound on the catheter 54. For example, the changes in parameters or stimuli may 
constitute changes in temperature, electrical fields, magnetic fields and light intensity. 


t 
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FIGS. 10 and 11 show still another preferred embodiment of the 
invention for producing changes in parameters or stimuli in the porous hydrogel. In 
this embodiment, the shrunken hydrogel element 50 is shown in FIG. 10 and the 
expanded or swollen hydrogel element is shown in FIG. 11. In this preferred 
5 embodiment, a solid tube 62 extends into the porous hydrogel 50 for introducing 
changes in a parameter or stimulus into the hydrogel. For example, this change in the 
parameter or stimulus may relate to changes in temperature, pressure, stress, or light 
intensity. 

It should be appreciated that the embodiments shown in FIGS. 6 through 
10 11 represent only a few different ways in which changes in parameters or stimuli can 
be provided to the porous hydrogel 50. It will be apparent to persons of ordinary skill 
in the art how the changes in parameters or stimuli can be introduced to the porous 
hydrogel 50 in other ways than those shown in FIGS. 6 through 1 1 and described 
above. 

15 The different preferred embodiments of this invention have several 

common advantages. They employ, at positions after the lesion, in the direction of the 
fluid flow, filtering material which expand or swell to trap emboli and which contract 
or shrink, after trapping the emboli, to retain the emboli while the filter is being 
withdrawn from the vessel 14. The preferred embodiments shown in FIGS. 6-11 

20 have an additional advantage in that they do not have to be covered by a sheath or 
sleeve, as the filtering material 16 of the embodiment shown in FIGS. 1 -5, in order to 
contract or shrink, thereby simplifying the process of withdrawing the filter from the 
vessel while maintaining all of the emboli within the filter. 

Although this invention has been disclosed and illustrated with reference 

25 to particular embodiments, the principles involved are susceptible for use in numerous 
other embodiments which will be apparent to persons of ordinary skill in the art. The 
invention is, therefore, to be limited only as indicated by the scope of the appended 
claims. 
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1 . A device for passing a fluid through a vessel while blocking the 
passage of emboli through the vessel, comprising: 

a filtering material having properties of being expanded within the vessel 
5 when subjected to an external stimulus and having properties of passing fluid 
therethrough while blocking the passage of emboli contained in the fluid, the filtering 
material being normally in a contracted condition for positioning within the vessel 

2. The device of claim 1 , wherein: 

the filtering material constitutes an open-cell foam material exhibiting 
sponge-like properties and the filtering material is expandable within the vessel when 
subjected to a fluid in the vessel. 

3 . The device of claim 1 , wherein: 

the filtering material constitutes a porous hydrogel and is expandable 
within the vessel when subjected to a stimulus selected from a group consisting of 
temperature, pH, electrical field, magnetic field, ionic field, pressure, stress, light 
5 intensity, solvent, and chemicals. 

4. The device of claim 2, further including: 

a sleeve which can be placed over the filtering material to contract the 
filtering material after trapping emboli. 

5. The device of claim 3, wherein: 

the filtering material has properties of being contracted when the 
stimulus is removed from the filtering material. 
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6. A system for treating a lesion in a body vessel and allowing fluid 
to pass through the vessel while blocking the passage of emboli released in the fluid, 
comprising: 

a filtering material disposable in the vessel at a position past the lesion 
5 which is contractable and expandable, the filtering material being contracted during 
positioning in the vessel and being expandable when subjected to an external stimulus, 
the filtering material having properties when expanded for passing fluid therethrough 
while blocking the passage of the emboli; and 

an interventional device for treating the lesion in the vessel 

7. The system of claim 6, wherein: 

the filtering material constitutes an open-cell foam material exhibiting 
sponge-like properties expandable when the filtering material is subjected to a fluid 
in the vessel and having a plurality of pockets for retaining emboli. 


8. The system of claim 6, wherein: 

the filtering material constitutes a porous hydrogel expandable when the 
filtering material is subjected to a stimulus selected from a group consisting of 
temperature, pH, electrical field, magnetic field, ionic field, pressure, stress, light 
5 intensity, solvent, and chemicals. 


9. The system of claim 7, further including: 

a sleeve which can be placed over the filtering material to contract the 
filtering material after trapping emboli. 


10. The system of claim 8, wherein: 

the hydrogel has properties of contracting when the stimulus is removed. 
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11. A system for passing a fluid through a body vessel while blocking 
the passage of emboli in the vessel, comprising: 

a filtering member made from an open-cell foam material exhibiting 
sponge-like properties and having properties of expanding when subjected to a fluid, 
5 the filtering member being constructed to retain emboli released in the 

fluid of the vessel; and 

a catheter attached to filtering member for inserting the filtering member 

into the vessel at a particular position. 

12. The system of claim 1 1 , wherein: 

the filtering member is provided with contractible properties and 
wherein the filtering member is provided with hollow pockets to trap the emboli when 
the filtering member is expanded within the vessel and to retain the emboli in the 
5 hollow pockets when the filtering member is thereafter contracted. 

1 3 . The system of claim 1 1 , further including: 

a sleeve which covers the filtering member in a contracted condition 
until the filtering member is positioned in the vessel to expand within the vessel and 
to block the flow of the emboli through the filtering member. 


14. The system of claim 12, further including: 
a sleeve which covers the filtering member in a contracted condition 
until the filtering member is positioned in the vessel to expand within the vessel and 
block the flow of the emboli through the filtering member and the sleeve is disposed 
5 on the filtering member to contract the filtering member after the filtering member has 
blocked the flow of the emboli through the filtering member. 
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15. A system for passing a fluid through a vessel while blocking the 
passage of emboli in the vessel, comprising: 

a filtering member made from a filtering material having properties of 
expanding when subjected to a fluid and having properties of passing fluid while 
5 blocking the passage of emboli when expanded, the filtering member being normally 
disposed in a contracted condition for positioning the filtering member in the vessel 
and having properties of being expanded after the disposition of the filtering member 
in the vessel. 

16. The system of claim 15, including: 

a sleeve removably disposed on the filtering member for retaining the 
filtering member in the contracted condition, there being a plurality of pockets in the 
filtering member with dimensions for trapping the emboli thereby preventing the 
5 emboli from passing through the filtering member. 

17. The system of claim 16, wherein: 

the sleeve is constructed to be disposed on the filtering member after the 
trapping of emboli by the filtering member to facilitate the removal of the filtering 
member from the vessel and to retain the emboli in the filtering member during such 
5 removal. 

1 8 . The system of claim 1 7 , wherein : 

the filtering member is made from an open-cell foam material exhibiting 
sponge-like properties. 

1 9. The system of claim 1 6, wherein: 

the filtering member constitutes a porous hydrogel. 
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20. A method of passing fluid in a vessel while blocking the passage 
of emboli from a lesion in the vessel, including the steps of: 

providing on a catheter a filtering material having properties of 
expanding within the vessel when subjected to a fluid and having properties of passing 
5 the fluid while blocking the passage of emboli when expanded, 

providing a sleeve on the filtering material when the filtering material 

is contracted, 

disposing the filtering material, the catheter and the sleeve in the vessel, 

and 

10 removing the sleeve from the filtering material to expose the filtering 

material to fluid in the vessel, thereby providing for an expansion of the filtering 
material within the vessel and for the retention of the emboli by the filtering material. 

21. A method as set forth in claim 20, wherein: 

pockets are provided in the filtering material to trap the emboli flowing 
through the vessel and to retain the emboli in the pockets when the filtering material 
is removed from the vessel. 


22. A method as set forth in claim 2 1 , wherein: 

the sleeve is thereafter disposed on the filtering material to contract the 
filtering material after the pockets of the filtering material have trapped the emboli and 
the sleeve, the filtering material and the catheter are removed from the vessel, after the 
5 filtering material has been covered by the sleeve, with the emboli remaining in the 
pockets of the filtering material. 

23 . A method as set forth in claim 22, wherein: 

the filtering material constitutes an open-cell foam material having 
sponge-like properties. 
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24. A method as set forth in claim 2 1 , wherein: 
the filtering material is a porous hydrogel. 

25 . A system for treating a lesion in a body vessel and passing a fluid 
through a vessel while blocking the passage of emboli in the fluid, comprising: 

a filtering material disposable in the vessel at a position past the lesion 
in the direction of fluid flow, the filtering material being contractible and expandable, 
5 the filtering material being normally contracted and having properties of expanding 
within the vessel when exposed to a fluid in the vessel, the filtering material having 
properties when expanded for passing the fluid in the vessel while blocking the 
passage of the emboli in the vessel; and 

an interventional device for treating the lesion. 

26. The system of claim 25, wherein: 

pockets are disposed in the expandable material to trap the emboli 
flowing in the vessel. 

27. The system of claim 26, wherein: 

a sleeve is disposed on the expandable filtering material in the contracted 
condition to provide for the movement of the expandable filtering material and the 
sleeve through the vessel to a position distal to the lesion in the direction of the fluid 
5 flow; and 

the sleeve is removable from the expandable filtering material to provide 
for the expansion of the expandable filtering material and to provide for the trapping 
of the emboli in the pockets of the expandable member. 

28. The system of claim 27, wherein: 

the expandable filtering material constitutes an open-cell foam material 
exhibiting sponge-like properties. 


WO 01/43662 


- 18- 


PCT/US00/33905 


29. The system of claim 26, wherein: 

the expandable filtering material constitutes a porous hydrogel 
expandable when the filtering material is subjected to a stimulus selected from a group 
consisting of temperature, pH, electrical field, magnetic field, ionic field, pressure, 
5 stress, light, solvent and chemicals. 

30. A method for treating a lesion in a body vessel and passing fluid 
in the vessel while capturing emboli created during the treatment procedure in the 
vessel, including the steps of: 

providing an interventional device for treating the lesion in the vessel, 
5 providing an expandable filtering material having properties of 

expanding within the vessel and having properties of trapping emboli to prevent the 
emboli from flowing in the vessel through the expandable filtering material, 
the expandable filtering material being contractible, 
disposing the interventional device at the position of the lesion in the 
10 vessel and the expandable filtering material in a contracted condition to a position 
distal to the lesion in the direction of the fluid flow, 

expanding the expandable member within the vessel, 
treating the lesion with the interventional device, 
removing the interventional device from the vessel, and 
1 5 providing for the contraction of the expandable filtering material and the 

removal of the expandable filtering material from the vessel. 

31. A method as set forth in claim 30, including the step of: 
providing the expandable filtering material with pockets having 
characteristics for receiving the emboli with the expandable filtering material 
expanded and for retaining the emboli with the expandable filtering material 
5 contracted. 
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32. A method as set forth in claim 30, wherein: 
the expandable filtering material is made from an open-cell foam 
material exhibiting sponge-like properties. 


33 . A method as set forth in claim 3 1 , wherein: 
the expandable filtering material is disposed in a sleeve in the contracted 
relationship during the movement of the expandable filtering material in the vessel to 
the position distal to the lesion in the direction of the fluid flow, 
5 the sleeve is removed from the expandable filtering material upon the 

movement of the expandable filtering material to the position past the lesion in the 
direction of the fluid flow, thereby to provide for the expansion of the expandable 
filtering material against the vessel, and 

the sleeve is disposed on the expandable filtering material after the 
10 trapping of the emboli in the expandable filtering material to provide for the 
contraction of the expandable filtering material. 


34. A method as set forth in claim 30, including the steps of: 
providing the expandable filtering material with pockets having 

characteristics for receiving and retaining the emboli with the expandable filtering 

material expanded and wherein 
5 the expandable filtering material constitutes an open-cell foam exhibiting 

sponge-like properties and wherein: 

the expandable filtering material is disposed in a sleeve in the contracted 

relationship during the movement of the expandable filtering material in the vessel to 

the position past the lesion in the direction of the fluid flow, 
10 the sleeve is removed from the expandable filtering material upon the 

movement of the expandable filtering material to the position past the lesion in the 

direction of the fluid flow, thereby to provide for the expansion of the expandable 

filtering material against the vessel, 


WO 01/43662 PCT/US00/33905 

-20- 

the sleeve is disposed on the expandable filtering material after the 
15 trapping of the emboli in the expandable filtering material to provide for the 
contraction of the expandable filtering material, and 

the expandable filtering material is constructed in the inflatable 
relationship to pass the fluid and to trap the emboli. 

35. A method as set forth in claim 30, wherein: 

the expandable filtering material constitutes a porous hydrogel having 
properties of expanding when subjected to a stimulus. 

36. A method as set forth in claim 35, wherein: 

the porous hydrogel has properties of contracting when the stimulus is 

removed. 

37. A method as set forth in claim 30, wherein: 

the expandable filtering material constitutes a porous hydrogel having 
properties of expanding when subjected to a stimulus, 

the stimulus is selected from a group consisting of temperature, pH, 
5 electrical field, magnetic field, ionic field, pressure, stress, light intensity, solvent and 
chemicals, and 

the hydrogel has properties of contracting when the stimulus is removed. 

38. A method for treating a lesion in a body vessel and for passing 
fluid in a vessel while blocking passage of emboli created from the treatment of the 
lesion, including the steps of: 

providing a filtering material having expandable and contractible 
5 properties, the filtering material being normally contracted and having properties of 
expanding when subjected to a stimulus external to the filtering material, 
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disposing the filtering material in the vessel at a position past the lesion 
in the direction of the fluid flow, 

subjecting the filtering material to the stimulus to provide an expansion 
10 of the filtering material against the vessel, and 

compressing the lesion to expand the opening in the vessel. 

39. In a method as set forth in claim 38, wherein: 

the filtering material constitutes a sponge having properties of expanding 
when subjected to a fluid in the vessel. 

40. In a method as set forth in claim 38, wherein: 

the filtering material constitutes a porous hydrogel having properties of 
expanding when subjected to a change in the stimulus and of contracting when the 
change in the stimulus is removed. 

41 . In a method as set forth in claim 40, wherein; 

the stimulus is selected from a group consisting of temperature, pH, 
electrical field, solvent, magnetic field, ionic field, pressure, stress, light intensity and 
chemicals. 
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